Matrix GLA protein and BMP-2 regulate osteoinduction in calcifying vascular cells.
Expression of matrix GLA protein (MGP), an alleged calcification inhibitor, is increased in calcified arteries. We used calcifying vascular cells (CVC) that form calcified nodules in vitro to clarify the importance of MGP in vascular cell calcification and differentiation. Unexpectedly, MGP dose-dependently increased calcification in CVC. It also increased expression of the osteogenic marker Cbfal, while decreasing expression of the smooth muscle marker alpha-actin as assessed by immunoblotting. Bone morphogenetic protein-2 (BMP-2), a known osteoinductive factor also increased calcification and osteogenic differentiation in CVC. We hypothesized that the effect of MGP was linked to that of BMP-2 since previous studies show that MGP modulates BMP-2 activity. Therefore, we compared the effect of MGP at different levels of exogenous BMP-2. Results showed that high BMP-2 levels significantly increased the stimulatory effect of low levels of MGP. A relative inhibition of calcification was observed at intermediate levels of MGP and a trend towards renewed stimulation at high levels of MGP. Thus, addition of MGP either promoted or inhibited calcification, depending on the relative amounts of BMP-2 and MGP. This was confirmed in human CVC with different relative expression of BMP-2 and MGP. Calcification in CVC with high relative expression of BMP-2 was inhibited by MGP, while calcification in CVC with low relative expression of BMP-2 was stimulated by MGP. MGP and BMP-2 both accelerated nodule formation, but had opposite effects on nodule size; MGP decreased while BMP-2 increased nodule size. The effect of BMP-2 may partly be explained by a BMP-2 induced decrease in MGP expression. Together, our results suggest that the effect of MGP on calcification and osteogenic differentiation is determined by availability of BMP-2.